The present review paper outlines the state of the art of recent observational studies conducted by Japanese Climatologists on global to synoptic-scale precipitation in terms of its spatial pattern, seasonal change, and interannual/interdecadal variability. In recent investigations, concerns have been extended to the global scale, while special attention has been focused on the Asian/Australian monsoon regions and their surroundings. That is, the longitudinal band from Central Asia/India in the west, to East Asia/Australia in the east. The interannual and interdecadal variability of Asian rainfall has been studied in relation to the El Nino/Southern Oscillation (ENSO) phenomenon, western Pacific/Indian Ocean sea surface temperatures (SSTs), Eurasian snow cover, and their associated atmospheric circulations.
The purpose of this paper is an overview of the observational studies dealing with the cli matology of global precipitation primarily con ducted by Japanese climatologists during the last decade, and in particular, the last five years. The present review paper includes not only the mean state (spatial and seasonal distribution) of precipitation but also its variability, that is, interannual and interdecadal variations. The focus here is placed on spatial scales larger than the synoptic scale, and time scales from the seasonal to interdecadal variation. This paper highlights investigations dealing with instru mental records, while a review of studies of Japanese historical documentary records is available in Mikami (1988) .
Recent changes in the environment sur rounding climatological research on global pre cipitation can be summarized in the following:
(1) The dense observational network of daily precipitation data, the so-called FGGE level IIc data set, which had not previously been accessible, became available in the First Global Atmospheric Research Program (CARP) Global Experiment (FGGE), also called the 
Global Distribution
Over the past two decades, several global pre cipitation climatologies on monthly or seasonal time scale have been developed. These data bases have been widely used to provide baseline climatologies for global climate change studies, a ground truth for satellite estimates, and evaluations of general circulation model (GCM) simulations of the present-day climate. On the other hand, abrupt seasonal changes and intraseasonal variations, sometimes observed in the daily time series data, cannot be detected by use of the precipitation data on time scales of one month or longer.
The FGGE data sets were used to shed light on studies of the global precipitation distribu tion and its seasonal change on time scales shorter than one month Shinoda et al. 1986; Iwasaki 1992 ; among others). For example, Eguchi et al. (1986) deter mined, using 10-day precipitation data derived from the FGGE IIc precipitation and snow data set, the non-precipitation area during the sol stice seasons of each hemisphere and the associated intraseasonal variability. These re sults were applied to a climatic regional divi sion, showing that the major continental-scale boundaries between the dry climate in the west ern part and the wet climate in the eastern part are located near the western foot of the highest mountains of the continent (Fig. 1) .
Simulations from a global climate model with and without orography (Manabe and Broccoli 1990; Broccoli and Manabe 1992 ) added a new perspective to the traditional explanation of mid-latitude aridity, that it results from the distance from the source of oceanic moisture, locally accentuated by the presence of upward mountain barriers. These simulations indicated that during all seasons except the summer, the mid-latitude dry regions of the Northern Hemi sphere, that is, Central Asia and the western Figure 1 . A tentative map of climatic classification based on non-precipitation areas (NPAs) for the solstice seasons of each hemisphere (after Eguchi et al. 1986 ). The regions of mNPA (wsNPA) denote overlapped areas of minimum (mean) NPAs for the northern summer and winter seasons. The regions of sNPA (wNPA) indicate areas located in mean NPA for the northern summer (winter), but not for winter (summer).
interior of North America, are located upstream of the orographically induced stationary wave troughs where general subsidence and rela tively infrequent cyclone development occur. On the other hand, the dryness of Central Asia during the summer resulted from subsid ing air of the Asian monsoon circulation, along with land surface-atmosphere feedback and mountain-barriered moisture transport. Thus, it should be noted that land surface atmosphere feedback, through energy and water exchanges, plays a crucial role in the generation and maintenance of not only the Central Asian arid area, but also other arid regions of the world. As for the humid tropics, the role of this feedback mechanism on the climate system was also emphasized (Shinoda 1995e) , since over the world's two major tropi cal basins (the Congo and Amazon), more than half of the precipitation was derived from evapotranspiration that occurs within the basins (e.g., Matsuyama 1992; Matsuyama et al. 1994) . Yazawa (1989) presented a comprehensive review of a series of studies on climatic regions in the world conducted since the origin of cli matology in the 19th century. During the early stage of climatic studies, the view that the spa tial patterns of climate govern those of vegeta tion appeared to be taken for granted. An example of this can be found in the climatic classification by the Koppen scheme. Recent investigations quoted in this section strongly suggest that the atmosphere and land surface interact with each other, both forming the climate system in each climatic region. Thus, in addition to the traditional explanation that climate determines vegetation, the interactive relationship, namely, atmosphere-land surface feedback, should be taken into account in studying a climatic region.
Seasonal Change
The FGGE experiment, which provided daily basis precipitation data over the period from December 1978 to November 1979, made a sub stantial contribution to the examination of de tailed seasonal changes in global precipitation on time scales shorter than one month (Luo and Yanai 1983; Shinoda et al. 1986; He et al. 1987; Masuda 1992 ; among others).
For example, Shinoda et al. (1986) Analyses of seasonal changes in precipitation were followed by a number of similar studies on the abrupt seasonal changes based on satellite data, for example, NOAA outgoing longwave radiation (OLR) and GMS data (Matsumoto 1989 (Matsumoto ,1992a Tanaka 1992 Tanaka ,1994 Hirasawa et al. 1995; Ueda et al. 1995; Ueda and Yasunari 1996) . These data have been accumulated over nearly the past two decades. These data were useful in detecting the abrupt changes in satellite-inferred precipitation over the tropics (but not over the extratropics), since they cov ered not only the continents, but also the oceans where precipitation observations are sparse.
Detailed timing in such stepwise seasonal changes and associated circulation characteris tics have been examined in relation to the ad vance and retreat of the Asian monsoon. Eleven natural seasons over the Asian and Aus tralian monsoon regions were determined, ac cording to such abrupt changes observed in 5-day mean data of OLR and 850 hPa winds produced at the ECMWF (Matsumoto 1992b ). In addition, it has been found that the in traseasonal fluctuations with periods of 20-25 and 30-60days
were phase-locked with the seasonal cycle during the Asian summer monsoon (Lau et al. 1988; Kang et al. 1989; Nakazawa 1992; Tanaka 1992) . The active mon soon phases in the 30-60 day fluctuations coin cide with the abrupt seasonal enhancements in convective activity detected between the Indi an Ocean-western Pacific regions (Nakazawa 1992; Tanaka 1992). Murakami and Matsumoto (1994) , on the other hand, attributed the abrupt enhancement of convective activity over the western North Pacific in early June to the zonal low-level con vergence caused by the large sea surface tem perature (SST) difference between the central and western North Pacific. Ueda et al. (1995) and Ueda and Yasunari (1996) indicated that the abrupt northward shift in convective activ ity that occurs over the western Pacific in late The dotted curve partially
July was induced by a preceding increase of SST.
Concerning the seasonal cycles in rainfall and vegetation, Shinoda (1995d) demonstrated that the NOAA-derived normalized difference vege tation index (NDVI) over the African continent responded with a time lag to the NOAA-derived OLR. The lag ranged from 1-3 weeks in the equatorial rain forest, to about 2-6 weeks in the wet savanna, and about 6-9 weeks in the dry savanna.
It was found, moreover, that this re gional difference in the response time in the Congo river basin was reflected in the seasonal change in regional evapotranspiration. The evapotranspiration was in phase with that of the NDVI and lags behind that of rainfall (Matsuyama et al. 1994 ). Similar NDVI-rainfall relationships in the various vegetation types were identified by a detailed regional analysis of Cameroon (Shinoda 1994 (Yoshino and Aoki 1986; Yoshino 1991 Yoshino , 1994 Tian and Yasunari 1992; 1978 to November 1979 (after Shinoda et al. 1986 ). vertical broken lines in each section denote abrupt changes observed between early and drawn in section (f) indicates the 10mm/10-day isohyet. Yasunari 1994, 1995 ; among others).
The major studies highlighted the northern summer season, since precipitation was concentrated during this season, with the exception of the coastal region of the Japan Sea. Yoshino (1991) produced an overview of recent studies on the interannual variations of the Baiu season over East Asia and its relation to atmospheric circulation (e. g., the North Pacific high pressure and the tonal index) and SST. In summary, the review paper concluded that the above (below)-normal rainfall over western Japan and the lower Yangtze river basin was closely associated with the weaker (stronger)-than-normal North Pacific high pres sure over Japan and China, and the lower (higher)-than-normal SSTs over the western equatorial Pacific.
That is, wet and cool summers tended to occur over the East Asian regions mentioned above during E1 Nino events when lower SSTs occurred over the western Pacific (e. g., Kurihara 1985). This teleconnec tion was linked with a north-south oscillation pattern exhibiting a dipole between the west ern Pacific and the mid-latitudes near Japan (Kurihara and Tsuyuki 1987; Nitta 1986 Nitta , 1987 . This pattern was shown to be generated by the heat source over the western Pacific and its associated Rossby wave-like propagations. It was also found that in relation to the year -to-year latitudinal shift of the Baiu front, rain fall anomalies displayed a seesaw pattern be tween the Yangtze river valley and northern China (Tian and Yasunari 1992; Yatagai and Yasunari 1995) . It should be noted that accord ing to the position and intensification of the The large crosses denote data available for the full 12-year period of 1975-1987 (except 1978) , while the small crosses (dots) indicate data available for more than 7 years (5 years).
Baiu front, the rainfall anomaly pattern in East Asia varied greatly from year to year. Recently, special attention has been paid to the arid and semi-arid regions of China where the Heihe River Field Experiment was performed during 1989-1993 (Yoshino 1994; Yatagai and Yasunari 1995) . Yatagai and Yasunari (1995) presented evidence of a signifi cant correlation between the summer rainfall for the Taklimakan Desert/Loess plateau and the Indian monsoon.
Winter precipitation or snowfall along the coast of the Japan Sea, being a manifestation of the winter monsoon activity in the Far East, is of great concern among Japanese climatologists (Sakaida 1987; Tasaka 1988; Umemoto 1991; Nishina 1992; Yanagimachi et al. 1993 ; among others). A comprehensive snow-depth database for Japan has been established, combining vari ous data . sources (Kitajima 1993) . Applying cluster analysis to these time-series data, Yanagimachi et al. (1993) classified the secular changes in winter snowfall into four types; the Hokkaido, Japan Sea, Pacific, and small snow fall types.
Precipitation during cold winters, concentrat ed along the coast of the Japan Sea, was found to be primarily due to the northwest monsoon, while for warm winters, more than half the precipitation over most of Japan was produced by extratropical cyclones (Umemoto 1991). Ueno (1993) related the interannual variation in the northern winter precipitation over the area surrounding the North Pacific and North Atlan tic to the tracks of surface cyclones and the 500 hPa height pattern. The meridional fluctuations of major cyclone tracks in relation to the North Atlantic Oscillation (NAO) pattern lead to sig nificant variations in the precipitation along the west coast of Europe.
Japanese climatologists have investigated in terannual variations in precipitation for regions other than East Asia, including Southeast Asia (Yasunari and Suppiah 1988; Eguchi 1994; Watanabe and Shinoda 1996) , India (Takahashi 1995; Watanabe and Shinoda 1996) , northern Africa (Shinoda 1986b (Shinoda , 1989 (Shinoda , 1990a , eastern Africa (Shinoda 1989) , southern Africa (Shinoda 1989 (Shinoda , 1990a Sakaida 1993; Shinoda and Kawamura 1996) , and South America (Tanaka and Nishizawa 1985; Tanaka et al. 1995) .
It is well known that the El Nino/Southern Oscillation (ENSO) phenomenon, having a pri mary periodicity in the 2-5 year time band, exerts great influence on the year-to-year pre cipitation fluctuations over wide areas of the global tropics (Ropelewski and Halpert 1987; Shinoda 1995a) , including India and Southeast Asia (Yasunari and Suppiah 1988; Watanabe and Shinoda 1996) , southern Africa (Sakaida 1993; Shinoda and Kawamura 1996) , and South America (Tanaka and Nishizawa 1985; Tanaka et al. 1995) . These studies have shown that above (below)-normal rainfall occurs over the above mentioned tropical regions during the positive (negative) phase of the Southern Oscil lation Index (SOI), namely, the standardized sea level pressure difference of Tahiti minus Darwin.
It should be noted that ENSO-cycle precipitation anomalies exhibit a preferred phasing with the annual cycle, but the annual cycle can in turn be significantly modified by the ENSO cycle (Rasmusson and Arkin, 1993) . Sakaida (1993) reported that the Zambian rainfall-SOT relationship was clearly observed after 1970, but not prior to 1970. Tanaka et al. (1995) confirmed the seesaw pattern between northern and southern Brazil as the most dom inant mode in the interannual rainfall variation, having a strong association with the tropical Atlantic SSTs, but weakly related to the South ern Oscillation. For the western Indochina pe ninsula, the interannual rainfall fluctuation differed between the windward and leeward sides of the monsoon westerlies due to the different rainy periods, as mentioned above (Eguchi 1994) .
A new perspective connecting the Asian summer monsoon and ENSO has emerged over recent years (Yasunari 1990 (Yasunari , 1991 Yasunari and Seki 1992) . Yasunari (1990) suggested that a weaker (stronger)-than-normal Asian summer monsoon may lead, through a weaker (stronger) tropical east-west circulation, to the El Nino (La Nina) state in the subsequent winter season. Yasunari and Seki (1992) , moreover, related the climate system comprised of the Asian mon soon and Pacific atmosphere/ocean to the anomalous Northern Hemisphere circulation and Eurasian winter snow cover (Fig. 4) . In this hypothesis, a weaker (stronger) Asian monsoon resulted, through the Pacific atmosphere/ocean and Northern Hemisphere circulation, in a diminished (extended) Eurasian snow cover and thus a stronger (weaker) monsoon during the subsequent year, exhibiting a quasi-biennial nature. Yasunari (1987, 1992) , on the other hand, pointed out that the Indian summer monsoon rainfall was strongly cor related with the Central Asian snow cover during the preceding April. No significant cor relation, however, between the winter and spring snow cover over Central Asia has been found, implying an interruption in the snow cover anomaly. 
Interdecadal Variation
Presently, a great deal of concern about long term climatic trends has arisen in relation to global warming (IPCC 1990 (IPCC , 1992 (IPCC , 1995 . The IPCC (1995) report concluded that a small posi tive (1%) global trend in precipitation occurred over land during the 20th century and that precipitation has increased over land in the high latitudes of the Northern Hemisphere, es pecially during the cold season, concomitant with temperature increases. Among Japanese climatologists, there has been an increase in the study of the long-term variability of precipita tion by using precipitation data covering peri ods longer than the past half-century. Intensive research has been devoted to areas of Japan (Matsumoto 1993; Nishimori 1995) , China and Mongolia (Yatagai and Yasunari 1995) , India and Southeast Asia (Watanabe and Shinoda 1996) , Australia (Iwasaki 1984) , northern Africa (Shinoda 1989 (Shinoda , 1990a (Shinoda , b, 1995b Shinoda and Kawamura 1994) , eastern Africa (Shinoda 1989) , and southern Africa (Shinoda 1989 (Shinoda , 1990 a; Iwasaki and Shinoda 1989; Shinoda and Kawamura 1996) .
For the northern winter season, the hemi spheric-scale Pacific/North Atlantic (PNA) pat tern has occurred frequently since the mid -1970s, associated with the warming in the east ern equatorial Pacific (Nitta and Yamada 1989; Kawamura 1994) . The below-normal snow depth along the Japan Sea coast during 1986 -1989 has been linked with the PNA pattern of 500 hPa heights. This pattern differed from that which produced the below-normal snow prior to 1985 (Morinaga and Yasunari 1993) . In addition to the PNA pattern, Nishimori and Kawamura (1993) indicated that the Northern Asian (NA) pattern, depicting a dipole between northeastern China and the Laptev Sea, was also responsible for the decreased snowfall along the Japan Sea during [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] .
The behavior of ENSO has been unusual since the mid-1970s, and especially since 1989 mid-1970s, and especially since (IPCC 1995 . Since the mid-1970s, warm (El Nino) episodes have been relatively more fre quent or persistent than the opposite phase (La Nina) of the phenomenon. This trend was con sistent with the increased precipitation over the central-eastern equatorial Pacific during the Figure 6 . Correlation between the SST R-EOF2 time coefficients and tropical rainfall for April-May (top) and June-September (bottom) during the years 1946 (after Shinoda 1995a . The symbols denote significance levels. The stippling denotes areas of positive correlation. If there are 30% missing pairs of SST and height observations, the absolute value of correlation coefficient at the 5% significance level is about 0.39.
period from the mid-1970s to 1980s (Nitta and Kachi 1995) .
In general, several tropical and subtropical regions extending from northern Africa (Shinoda and Kawamura 1994; Shinoda 1995b) to Southeast Asia (Watanabe and Shinoda 1996) , have exhibited significant decreasing trends in rainfall since the 1960s, with the ex ception of the increasing trend along the south west coast of India. These results coincide with the summary found in the most recent report of the IPCC (1995). The IPCC (1995) report regards the above decreasing trends as a manifestation of the general trend that has been widely identified over the tropics and subtropics of the Northern Hemisphere, concomitant with tem perature increases in this domain. Kawamura (1994), Shinoda (1995b) , and Watanabe and Shinoda (1996) pri marily attributed the above mentioned rainfall trends to the recent warming trend in the Indian Ocean. The warming of the Indian Ocean, identified as the second mode derived from a rotated empirical orthogonal function (R-EOF) analysis of global SST anomalies (Fig.  5) , was strongly correlated with rainfall over the Africa-India region during the months of April-May and especially July-September (Fig.  6 ). This strong correlation appeared to have resulted from a tropical east-west circulation pattern having anomalous descending and as cending motions over Africa and the Indian Ocean, respectively, that may be associated with Indian Ocean warming (Fig. 7) .
The IPCC (1990) report concluded that global scale changes in SSTs played a major role in the reduction of Sahel precipitation. Shinoda and Kawamura (1994) , furthermore, suggested that changes in the SSTs of the Indian Ocean and the tropical North and South Atlantic modulate different aspects of Sahel rainfall. Specifically, the contrasting anomalies of the North and South Atlantic SSTs played a major role in the year-to-year latitudinal displacement of the rainbelt, while the strong warming trend in the Indian Ocean SST was associated with the large-scale subsidence over the rainbelt. A new analysis of interannual and decadal variations of updated rainfall data (Shinoda 1995b ) has also demonstrated that the decreased rainfall from the 1950s to 1980s primarily resulted from the weakened convection over the entire monsoonal rainbelt, rather than a systematic displacement of its central position. This anal ysis confirmed the earlier results of Shinoda and Kawamura (1994) .
On the other hand, there has long been a hypothesis that land degradation (desertifica tion) leads, through radiative cooling, reduced soil moisture/evapotranspiration, and surface roughness, to drought conditions (e. g. , Charney 1975) . This hypothesis has been qualitatively verified by GCM studies, while no observational evidence that desertification precedes drought has been documented (Shinoda 1991) . Shinoda (1995c) showed that the combina tion of the top three modes of global SSTs derived from the R-EOF analysis was responsi ble for more than half of the variance in Sahel rainfall during . It has been pointed out, on the other hand, that NDVI anomalies (that is, vegetation cover anomalies) in the Sahel persisted over the dry season until the onset of the next rainy season (Shinoda 1995c) . It is, therefore, possible that vegetation cover anomalies may somewhat influence rainfall during the rainy season through atmosphere land surface interactions.
Prospects for Future Studies
In this section, several points that should be taken into account in the future climatological research of global precipitation among the Japanese climatologist community with respect to data collection/availability and forthcoming programs, are outlined as follows:
(1) The collection and compilation of daily precipitation station data, particularly for West, Central, and Southeast Asia, and Indonesia, should be continued. All data obtained should be combined into a sophisticated data set for the Asian-Australian monsoon region, having long-term continuity, homogeneity, and high quality.
This longitudinal domain has also been observed by GMS satellite since 1979. These ground-and satellite-based data sets should be useful in exploring the intra-and inter-seasonal (especially abrupt) changes in the Asian and Australian monsoons, their spatial structure, and interannual variation.
(2) In response to the necessity of answering questions related to global warming, long-term world-wide land precipitation records on a monthly basis have been intensively collected and analyzed at major climate research centers, mainly in the UK and USA. Satellite observa tion data having strictly calibrated homogene ous quality, such as NOAA, GMS, and other geostationary meteorological satellites, are required for examining long-term variations and trends in convective activity over the trop ical oceans, especially those associated with the recent warming of the eastern equatorial Pacific and Indian Oceans. in the globe, the Indochina Peninsula and the
